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I. Method of obtaining blood. Blood may be obtained from the
wing vein. Care must be taken in securing blood, because of
the quick degenerative changes which the thrombocytes undergo.
Degeneratedthrombocytesresembledegeneratedleukocytes. Smears
must be made quickly and in a dry place.
II. Description of the red blood cells. These cells are ellipti-
cal, biconvex, and nucleated. In size they vary greatly in different
species and even in the same species. As a general rule, the bigger
the bird, the larger the corpuscles. Occasionally round erythrocytes
are seen. Magnan839 gives a table of the size of the red blood cells
in 46 different species of birds. He finds the average length to be
from 13 to 15 , varying from 5 to 10,. Venzlaff576 also gives a
table of the size of the red blood cells in 50 different species. He
finds an average length of from 13 to 15,u, varying between 10s
and 20,u, with an average width of 7.5V, varying from 6V to 9,u.
III. Enumeration of the red blood cells. Venzlaff5T8 found, in
50 species examined, that the majority of normal values lie between
2,200,000 and 3,500,000 per cu. mm., with an extreme range of
1,700,000 to 5,400,000.
In the pigeon the average number is 3,800,000 (Schauman and
Rosenqvist"', Fritsch"', Hedfeld"', and Marloff35).
IV. Description of the white blood corpuscles.
Polymorphonuclear cells. There are no neutrophilic leukocytes
in birds. Instead there is a type of cell already described as occur-
ring in the chicken, with peculiar, little spindle-shaped bodies of
eosinophilic substance in the protoplasm. These vary considerably
in size in different species of birds. They are truly acidophilic, taking
neither neutral nor basic stains. The nucleus is usually bilobed,
the two lobes joined by a narrow connecting band. Bizzozero46
described the nucleus as "spectacle-shaped". Mononuclear forms,
however, are also found.
Lymphocytes. These cells more closely resemble the human
blood cells than any other type. The nudeus almost entirely fills
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the cell, and is surrounded by a very small zone of non-granular
protoplasm. Both nucleus and cell protoplasm are strongly baso-
philic, the protoplasm being even more so than the nucleus. These
cells are from 5.2 to 5.7V. in diameter.
The large mononuclear cells are smaller than the corresponding
cells in human blood (6.7-9.3V). The nucleus is round, oval, or
somewhat invaginated.
Polymorphonuclear eosinophils. These cells are not so large as
the human eosinophils (6.5-7.8V). The nucleus is similar to that
of the other polymorphonuclear cells. The granules are rounded,
fairly large, and not as intensely acidophilic as those in the poly-
morphonuclear cells described above.
Polymorphonuclear basophils. These are from 4 to 12V. in
diameter. The nucleus is usually round or slighdy polymorphous,
more rarely there may be several distinct lobes. It is large and con-
centrically located. There is relatively little protoplasm, which is
usually colorless. The granules may vary much in number and in
size. They are strongly basophilic, staining metachromatically.
V. Enumeration of the white blood corpuscles. The normal
total leukocytic count in birds ranges from 35,000 to 60,000 per
cu. mm. Thelymphocytes show an exceedinglyvariable quantity in
the differential count in birds of different species, ranging from 14.4
per cent in the cockatoo to 92 per cent in the stormy petrel. The
usual finding is from 40 to 50 per cent.
The number of polymorphonudear cells is inversely propor-
tional to the number of lymphocytes. The relative number of the
large mononuclears is more constant than is that of the lymphocytes,
as a rule being from one to nine per cent, never exceeding 13.2 per
cent. The relative number of basophils is quite variable, ranging
from 0 to 23.8 per cent. They are most numerous in the blackbird
(Cullen'12).
Fritsch18' and Hedfeld218 record the following average percent-
ages for the different types of cell in pigeons:
(Fritsch) (Hedfeld)
Polymorphonuclears .............................. 35.5 22.7
Lymphocytes ................ .............. 58 49
Large mononuclears and transitionals ........ 3 13
Eosinophils ............... ............... 1.5 10
Basophils .............................. 2 3.3
VI. Platelets. Fritsch"8' reports that platelets are "very few"
in birds.
324BLOOD PICTURE OF NORMAL LABORATORY ANIMALS 325
THE FROG
I. Method of obtaining blood. The various investigators report-
ing on this subject fail to describe their technic. The animals may
be killed and the blood taken easily from any source desired.
II. Description of the red blood cells. The erythrocytes have,
to some extent, the same characteristics as those of the fowl. The
typical cell is flattened, oval and biconvex, with a thickened equa-
torial area. There is an oval nucleus. Certain atypical forms are
frequent, some larger, more stoutly oval than the typical cells, with
a megaloblastic type of nudeus (large, spheroidal). Others are
small, with a small nucleus and very little hemoglobin. Non-
nucleated forms occur with rather greater frequency than in the
fowl.
Size. The average size of the red cells is 22 by 16, (Goodall"9',
Heinz222, Welcker602). Heinz finds the average size of the nudeus
to be 9.5,u by 5.4V.
III. Enumeration of the red blood cells. The average erythro-
cytic content found in 91 counts by seven investigators is 460,000
per cu. mm., with a normal range of about 400,000 to 600,000.' The
following table gives the values found in the literature.
ERYTHROCYTES
Maxi- Mini. No. of No. of
Authority Average mum mum Counts Animals
Alder & Huber ............ (6) .41 normal
Goodall ................. (194) .50 normal
Hiunerfauth ................. (243) .45 .54 .40 33 33
Klieneberger & Carl .... (281) .38 8 8
Marloff ................. (350) .50 10 10
Welcker ................. (602) .40 normal
Wells & Sutton ............ (605) .59 - normal
Average ................ .46
(91 counts by 7 authors)
IV. Physiological variations of the red blood cells. No infor-
mation is available.
V. Hemoglobin content. Insufficient work has been done to
establish reliable normal values, but the following are recorded.
HEMOGLOBIN
Authority Average Technic
Alder & Huber ................ (6) 80 % of human standard
Klieneberger & Carl ........ (281) 52 Sahli
Kuhl .......... ........ (295) 14.6 g. per 100 cc. blood
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VI. Physiological variations in hemoglobin. No investigations
on this subject were found.
VII. Description of the white blood corpuscles.
Polymorphonuclear neutrophils. These cells generally have a
polymorphous nucleus, but mono- or bilobed forms also occur. The
protoplasm is made up of a homogeneous basophilic substratum,
throughout which are scattered fine metachromatic neutrophilic
granules. These granules are always very small, but vary in size
from a scarcely perceptible dust to very definite spheroidal granules
of bright lilac color, strikingly resembling those of human blood.
The most conspicuous thing in these cells is the "attraction
sphere" (Jordan269), generally located within the concavity of the
lobulated nucleus. The neutrophilic granules are arranged in lines
radiating from the sphere. It may consist of a spherical mass of
minute granules imbedded in a dense protoplasm, or it may occur as
a dear area containing a clear-staining granule or centrosome. The
latter may be simple, bilobed, or double (Jordan269).
Lymphocytes vary greatly in size, but retain similar nuclear and
protoplasmic characteristics. The smallest are slightly larger than
the nucleus of a platelet (Jordan), with a scarcely perceptible shell
of basophilic protoplasm. The nucleus is spherical and pyknotic.
The resemblance of these cells to the human lymphocytes is striking.
Large mononuclear and transitional cells are rare, and they do
not warrant division into a separate dass from the lymphocytes
(Jordan).
Polymorphonuclear eosinophils. These have a polymorphous
nucleus and occasionally are shaped like a horseshoe. Rarely is the
nucleus multiple. It is generally located at one end of a spheroidal
cell. The protoplasm contains rather small, spheroidal, intensely
eosinophilic granules which are approximatelyuniforminsize. They
appear hollow or annular, due probably to a difference in density
between the center and periphery of the granules. There is a
weakly basophilic substratum of homogeneous protoplasm.
Polymorphonuclear basophils. These cells are somewhat smaller
than the eosinophils. They are about the size of a medium-sized
lymphocyte, and are spherical. The nudeus is centrally located and
is vesicular, usually oval or rounded, or less frequently poly-
morphous, containing a very delicate reticulum. The protoplasm is
denselypackedwithspherical, metachromaticallybasophilicgranules,
larger than the eosinophilic granules, but varying somewhat in size
and shape.
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VIII. Enumeration of the white blood cells. Four investigators
have found an average total leukocytic count of 18,310 per cu. mm.
(63 counts). Goodall"' is the only authority who gives normal
differential values. He found the following:
Polymorphonuclears ..................... ..................... 7%fo
Lymphocytes ............. ............................. 59%o
Eosinophils .......................................... 27%o
Basophils .......................................... 77o
The accompanying table gives the values found in the literature.
LEUKOCYTES
Authority mx a.. t 2 2. a..
Alder & Huber.. (6) 25.0 normal -
Goodall .......... (194) 1 1.0 normal 7 59 - 27 7
Hilnerfauth ...... (243) 20.9 37.8 13.6 33 33 - - -
Wells & Sutton.. (605) 10.4 normal - - - -
Average ........ 18.31
(63 counts by 4 authors)
IX. Physiological variations of the white blood cells. The
eosinophils are relatively fewer in winter than are the basophils, but
in the fall they are more numerous (Goodall'94).
X. Platelets. Jordan2"9 describes these as stout fusiform ele-
ments with a central, deeply-staining oval nucleus. The cytoplasm
stains only very faintly and contains metachromatic, spherical
granules of uniform size. The cytoplasm is extremely viscid and
is drawn out at numerous points into pseudopod-like projections.
These contain the majority of the granules.
XI. Coagulation time. No reports have been made.
XII. Resistance of the red blood cells. No investigations on
this subject could be found.
XIII. Blood volume. Fry'82 found the average blood volume
in 31 animals to be 4.61 per cent of the body weight, varying from
3.45 to 6.2 per cent.
XIV. Specific gravity. No studies are available.
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